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ABSTRACT 

 
Bootstrap resampling of previously analyzed fishery samples was conducted to examine the 
effects of sample size on the precision of stock composition estimates from a genetic stock 
identification analysis.  The relationship between estimates of stock group contributions and the 
precision of these estimates, as measured by the coefficient of variation, was used to compare the 
effects of different sample sizes on the precision of the estimates for specific fishery strata.  The 
samples sizes required for a coefficient of variation of 50% were compared to demonstrate the 
relationship between the precision of the stock grouping contribution estimates and sample size.  
Sample sizes of 200 fish were sufficient for stock groupings which contributed at rates of five 
percent or greater to the fishery samples.  Stock groupings which contributed two percent or less 
to the fishery samples required sample sizes of 800 fish or more to demonstrate their contribution 
to the mixture.  The problems of estimating the contribution rates of all but the higher 
contributing stocks to a fishery sample composed of a mixture of stocks are discussed with 
respect to the precision of the estimates. 
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INTRODUCTION 
 

The Washington Department of Fish and Wildlife (WDFW) samples the following fisheries 
directed at chinook salmon (Oncorhynchus tshawytscha): the winter, treaty-troll fishery in catch 
areas 4B, 5, and 6C; the spring, treaty-troll fishery in areas 4 and 4B; and the spring, non-treaty 
troll fishery in areas 3 and 4.  Sampling of these fisheries includes tissue samples for genetic 
stock identification (GSI) as well as sex-length data and scales for age determination.  Estimates 
of the stock composition of these fisheries are made using GSI techniques to provide fishery 
managers information on fishery impacts on specific stocks or stock groupings (Marshall et al. 
1990).  
 
Currently the desired sample size for each fishery stratum (time/area combination) sampled is 
500 fish.  Because of the time and expense of both the collection of the samples and the lab 
analysis of the tissue samples, it is desirable to determine if fewer fish can be sampled in each 
stratum while retaining acceptable precision of the stock composition estimates.  This report 
describes an analysis that evaluates the effects of decreasing the sample size below 500 fish. 
 
Initially two approaches were considered for this work, simulations of hypothetical fishery 
mixtures and bootstrap resampling of existing fishery samples.  The bootstrap method (Efron and 
Tibshirani 1986) was selected because it uses genotypes of actual fish and because of the 
complexity of the mixtures of stocks found in these fisheries.  A comparable analysis using 
simulations would have required an excessive number of simulations. 
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METHODS 
 

The analysis method used was a modification of the bootstrap procedure in that different sample 
sizes were selected from the original sample.  For these analyses, existing fishery samples were 
repeatedly resampled with replacement to create new samples of the desired sample size.  Each 
new sample was then analyzed using standard GSI methods to estimate the contributions of the 
major stock groups.  One hundred of these new samples were constructed for each fishery 
sample/sample size combination and analyzed.  The mean, standard deviation, and coefficient of 
variation (CV)1 of the stock contribution estimates were then computed from the 100 estimates 
for each stock grouping.  The regional groupings (six groups) and stock groupings (25 stock 
groups) reported by Marshall et al. (1990) were used in this study (Appendix A). 
 
Fishery samples for this analysis were selected from the 1989-1990 treaty-troll and the 1990 
May-June Washington ocean-troll fisheries.  Original fishery stratum samples that had a 
minimum of 500 fish were selected so that sample sizes of 100, 200, 300, 400, and 500 fish 
could be evaluated.  From the 1989-1990 fishery collections, four fishery samples were selected: 
three from the treaty-troll fisheries (samples labeled TT995DJ, TT89DJ5, and TT89MJ4) and 
one from the all citizens fishery (sample MT90A12).  Sample TT995DJ was from catch area 5 in 
December 1988-January 1989.  Sample TT89DJ5 was from the same time stratum but from 
catch area 4.  Sample TT89MJ4 was taken in during May and June, 1989 in catch area 4.  
Sample MT90A12 was taken in May and June, 1990 in catch areas 1 and 2.  The results of the 
original GSI analysis of these fishery samples are reported in Marshall et al. (1990). 
 
The analyses of the fishery samples were conducted on the WDFW Prime computer.  From each 
fishery sample (e.g., TT995DJ), 100 bootstrap resampled files at each specified sample size were 
created.  For all four fishery samples, 100 bootstrapped samples of 500, 400, 300, 200, and 100 
fish each were created and analyzed.  Fishery collection TT89DJ5 had a sample size of 788 fish 
and an additional bootstrap sample size of 788 fish was analyzed to examine the effects of 
samples larger than 500 on the precision of the stock composition estimates.   
 
Maximum likelihood estimates (MLE) of stock grouping contributions were produced using the 
methods of Millar (Millar 1987).  The same coast-wide GSI baseline that Marshall et al. (1990) 
used for the original analysis of these fishery samples was used for these analyses.  The mean, 
standard deviation, and coefficient of variation of the 100 estimates of contribution for each of 
the six regional and 25 area stock groupings were calculated.  These estimates were then used in 
a regression analysis and graphed for visual interpretation. 
 
Scatter plots of the mean stock contribution estimates and their coefficients of variation, at all of 
the sample sizes, were created.  Simple linear regression analysis of the logarithms of the mean 
estimates and the logarithms of their coefficients of variation were calculated and plotted.  Using 
these regressions, contribution levels for predetermined levels of precision as defined by the CV 
could be estimated and compared for the various sample sizes and fishery samples.   

                                                
1  The coefficient of variation is the standard deviation of the 100 sample estimates divided by 
the mean of the 100 sample estimates and is usually expressed as a percentage. 
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The stock group contributions required for a CV of 50% at each sample size were estimated from 
the regressions and plotted for each of the fishery samples.  These plots were examined for 
generalizations regarding the sample sizes needed to achieve a specified level of precision for the 
estimated stock contribution rates. 
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RESULTS 
 

Table 1 presents the means, standard deviations, and coefficients of variation for the four fishery 
samples at each of the sample sizes examined for the six regional stock groupings.  Appendix 
Table 1 presents the same information for the 25 stock groupings.  
 
 
Effects of sample size on the precision of stock grouping contribution estimates and their 
standard deviations 
 
Examination of Table 1 and Appendix Table 1 reveals that for all sample sizes examined, for all 
of the analyzed fishery samples, there are not large differences in the mean estimated 
contributions by stock group among the different sample sizes. 
 
In almost all cases, standard deviations of the stock group estimates decreased as sample sizes 
increased.  For stock contribution levels above 7-10% (in both the six stock and the 25 stock 
groupings), standard deviations of stock group estimates decreased as sample size increased.  For 
stock group contributions below 2-3%, the standard deviations were erratically related to sample 
size and were not consistent.  We attribute this lack of a relationship to sample errors, i.e., “rare 
sample” problems. 
 
 
Effects of sample size on the coefficients of variation 
 
Table 1 and Appendix Table 1 demonstrate that by using the coefficient of variation as the 
measure of precision, the effect of the magnitude of the mean values of the contribution 
estimates on the measure of precision is removed and that stock groups with relatively high 
levels of contribution (e.g., above 10%) show high levels of precision (i.e., they have low CVs). 
Increasing sample size has a decreasing effect on the CV of any stock group contribution 
estimate except for stock groups which contribute at low levels (2% or less) where, as discussed 
above, the standard deviation estimates become unpredictable and therefore so does the CV of 
the contribution estimates. 
 
 
Relationship of stock contribution estimates and coefficients of variation 
 
Figures 1 and 2 show scatter plots for sample TT995DJ of the mean stock contribution estimate 
versus the coefficient of variation for the six and 25 stock groupings with a sample size of 400.  
These figures demonstrate the basic relationship between these parameters which exists for all of 
the sample sizes for all of the fishery samples.  The shape of these scatter plots strongly suggests 
a logarithmic relationship.  Figures 3 and 4 show the same data plotted after both variables have 
been transformed to the natural logarithms of their values.  The strong linear relationship 
between the natural logarithm of the stock contribution estimates and the natural logarithm of the 
associated coefficient of variation is evident.  This relationship exists for all of the fishery 
samples and sample sizes examined.  
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Linear regression using these data proved to be highly significant for all stock groupings and 
bootstrap sample size combinations (Table 2).  R-squared values ranged between 0.89 and 0.99 
and the slopes of the regressions were significant (P ≤ 0.001 in all cases).  Table 2 also reports 
the Y-intercept and the standard error associated with the intercept for each regression as well as 
the regression slope and its significance. 
 
 
Comparison of stock group contributions among different sample sizes for a coefficient of 
variation of 50% 
 
The strong relationship between the coefficients of variation and the stock group contribution 
estimates allows comparisons among samples at equivalent levels of the CV.  The regression 
equations defined above can be used to estimate the stock contribution at different sample sizes 
for a specified coefficient of variation (i.e., the stock contribution rate for each of the different 
sample sizes when the coefficient of variation is equal to a specified percentage). 
 
A 50% CV was chosen as significant because, with the assumption that the estimates from the 
bootstrapped samples are normally distributed, any estimate with a CV greater than 50% can not 
be shown with 95% confidence to have contributed to the fishery collection (the estimated 
contribution is not significantly different than zero).  A 50% CV is a close approximation to 1.96 
standard deviations for a normal distribution.  Plots of the 50% CV level versus sample size were 
then interpreted to indicate the smallest estimated contribution level of a stock that was 
detectable using fishery samples of various sizes for the stock mixtures encountered.  
 
Figures 5 and 6 show the plots of the 50% CV levels for each of the fishery samples and 
bootstrap sample size combinations for the six regional stock groups and the 25 stock groupings.  
It is evident that an increase in the sample size decreases the estimated contribution of a stock 
required to attain a 50% CV.  This increases the number of stock groups that could be shown to 
contribute to a given mixture.  This decrease was most dramatic in the increase from a 100 to 
200 fish sample size and continued to decrease with increasing sample size.   
 
Figure 5 shows that for the six regional stock group aggregations with a 100 fish sample, stock 
contributions required for a 50% CV are between six and nine percent.  With a 500 fish sample 
size, the stock contribution required for a 50% CV has decreased to two or three percent for all of 
the fishery samples examined.  Figure 6 shows that for the 25 stock group aggregations with a 
100 fish sample size, the stock contribution required for a 50% CV is between eight and 14 
percent.  With a 500 fish sample size, the stock contribution required for a 50% CV decreased to 
between three and four percent for all of the fishery samples examined. 
 
In the one fishery collection (TT89DJ5) with a sample size of 788 fish, the stock contribution 
required for a 50% CV has decreased to less than two percent for both the six group and 25 
group stock aggregations (Figures 5 and 6). 
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In all cases, the largest decrease in the stock contribution needed to attain a 50% CV occurred 
between the 100 and 200 fish sample sizes with a consistently decreasing rate of change as 
sample size increases.  Only in the six group aggregation from 400 to 500 fish sample sizes does 
the rate of decrease rise slightly for three of the four fishery samples examined. 
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CONCLUSIONS AND SUGGESTIONS 
 
The fishery samples examined represent a wide range of stock group mixtures, from mixtures 
with a single dominant stock (e.g., an 80% contribution of a single stock in sample TT995DJ) to 
samples with a number of substantial contributors ( e.g., in sample TT89MJ4 with six regional 
stock groupings there are contribution estimates of 38%, 31%, 12%, 12%, 1%, and 0%).  We 
would expect similar results for other GSI stock composition problems with baselines and stock 
mixtures of similar complexity.  The exact decreases in the precision of the stock contribution 
estimates (increases in the standard deviation and coefficient of variation) due to decreasing the 
sample size could vary, however.  Further bootstrap sample size analyses similar to this study for 
other mixed stock fishery analyses which use MLE to estimate stock composition are 
recommended so that the results can be compared with those reported here. 
 
This study demonstrated a relationship between the estimated stock group contribution levels of 
a fishery sample estimated with GSI techniques and the precision of those estimates as measured 
by the coefficient of variation.  It indicates that estimates of contribution for stocks which are 
present at low levels, especially when the estimates are made with smaller sample sizes ( e.g., 
100 or 200 fish) should be used with caution.  With smaller sample sizes, the probability 
increases of having stock groups which cannot with high levels of confidence ( e.g., 95%) be 
shown to have contributed to the fishery.  Increasing the sample size for GSI stock composition 
estimates decreases the smallest level of contribution which can be determined to be present in 
the mixture.  This assumes no bias in the assignment of fish genotypes to baseline stock 
groupings.  These results also show that for the stocks which contribute at rates of 5-6% or 
greater fishery samples of 200 fish are probably sufficient for most analyses.  It is therefore a 
matter of the level of contribution and the precision of the estimates which fishery managers 
need which must be defined before sample size requirements can be decided.  These results 
suggest that smaller fishery samples (< 500 fish) would be sufficient to determine the presence of 
stocks with relatively large contributions to the fishery (e.g., those with estimated contributions 
of approximately 6% or greater).  The corollary of this appears true (i.e., to determine the 
presence of stock groupings which contribute 2% or less to the fishery requires sample sizes of 
800 fish or more). 
 
The large decreases in the estimated stock contribution required for a 50% CV between sample 
sizes of 100 and 200 fish in the four fishery samples analyzed (Figures 5 and 6), suggests that 
200 fish samples may be a reasonable minimum sample size for mixtures of this type where only 
the estimates for stocks contributing 6% or more to the fishery are required with high precision.  
 
These results illuminate one of the limitations of GSI data analyzed using MLE methodology 
to estimate stock contributions to fishery mixtures.  Even at the largest sample sizes, stocks 
aggregations which contribute less than 2% to a fishery sample cannot, with 95% confidence, be 
determined to be present in the sample.  At the lowest levels of sample size (i.e., 100 fish), stock 
groups which contribute less than 6-9% to the fishery sample for six stock groupings and 8-13% 
for 25 stock groupings are similarly uncertain as to their presence in the sample. 
 
These conclusions are based on the assumption that the contribution estimates at all contribution 
levels are normally distributed.  This assumption allowed the use of the 50% CV to represent the 
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95% confidence level that a stock's contribution was greater than zero and therefore conclude 
that the stock was present in the mixture.  A brief examination of the shapes of the distributions 
of the bootstrap estimates suggests that at small contribution levels the normality assumption 
may not be true.  Further study of the empirical distributions of small estimates is needed.  Until 
this is done, we recommend that the results of this work not be used for sample designs intended 
to detect stocks or stock groups expected to contribute five percent or less to a fishery sample. 
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APPENDIX A 

 
SIX REGIONAL STOCK GROUPS 
California-Oregon 
Columbia River 
Washington Coast 
Puget Sound 
BC: Fraser River 
BC: Non-Fraser 
 
25 STOCK GROUPS 
Sacramento (Spring, Fall, Winter) 
California Eel and Coastal (Fall)  
Klamath (Spring and Fall)  
Smith (Fall)  
South Oregon Coastal (Spring and Fall)  
North Oregon Coastal (Spring and fall)  
Lower Columbia (Spring)  
Lower Columbia and Bonneville Pool (Fall) 
Upper Columbia (Spring) 
Snake (Spring) 
Upper Columbia and Snake (Summer) 
Upper Columbia and Snake (Fall) 
North Washington Coastal (Spring and Summer) 
Washington Coastal (Fall) 
North Puget Sound (Spring) 
Puget Sound (Summer and Fall) 
Lower Fraser (Spring and Summer) 
Lower Fraser (Fall) 
Thompson (Summer) 
Mid-Fraser (Spring and Summer) 
Upper Fraser (Spring) 
West Vancouver Island (Fall) 
Upper Georgia Strait (Summer and Fall) 
Lower Georgia Strait (Summer and Fall) 
Central British Columbia Coast (Summer and Fall) 
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